The Piperaceae species are known worldwide for its medicinal properties and its chemical compounds. In Brazil, many species of this family are distributed mainly in Amazon Region and in the Atlantic Forest. The genus Ottonia is known as source of amides, flavonoids, arylpropanoids and terpenes with record biological activities. Six aristolactams, including, aristolactam BII, piperolactam C, goniothalactam, stigmalactam, aristolactam AII and aristolactam BIII were isolated from roots of this species. GC-MS, 1 H NMR and NOESY techniques were used to characterize these compounds. This is the first report about the occurrence of aristolactams in the Ottonia anisum Sprengel.
The family Piperaceae is composed approximately by 2000 species with wide tropical and subtropical distribution and great representation in Central and South Americas, occurring in Mexico, Panama, Peru, Costa Rica, Argentina and from North to Southern Brazil. The Piper species are mostly tropical plants of worldwide occurrence and are represented by ca. 700 species. In Brazil, 260 species are distributed mainly in Amazon Region and in the Atlantic Forest of the country [1a-c] . The phytochemical investigation of Piper has led to the isolation of a large number of bioactive compounds such as alkaloids, amides, propenylphenols, piperolides, flavonoids, chromenes, prenylated benzoic acid derivatives and lignoids. Furthermore, literature records registered the occurrence of interesting secondary metabolites in species of the genus Peperomia (benzoic acid derivatives and seconeolignans), Ottonia (amides, flavonoids and arylpropanoids) and Pothomorphe (catechol derivatives) [2a-e] . The chemistry of Piperaceae from Rio de Janeiro State, Brazil, has been addressed with great success. Previous phytochemical investigations of Piperaceae species from Brazilian Atlantic Forest performed by our research group led to the isolation of several compounds, such as kaplanin, lhotzchromene and blandachromenes I and II [3a-c] . In order to continue with the phytochemical studies of native Piperaceae species from Southeast Brazil, Ottonia anisum have been successfully studied [4] . The O. anisum root extracts were chemically investigated to afford six aristolactams. This is the first work regarding the presence of aristolactams in Ottonia species. Aristolactams belong to a large and important group of naturally occurring alkaloids that possess the phenanthrene lactam skeleton [5] . The phenanthrene chromophore group is found in the Aristolochiaceae together with the aristolochic acids and 4,5-dioxoaporphines alkaloids. Aristolactams have been reported from plants of the Annonaceae, Monimiaceae, Menispermaceae, Piperaceae and Saururaceae families [6a,b] . The phenanthrene lactam core is frequently found in biologically active natural products [7a-d] . Among them, aristolactams and aporphines constitute an important alkaloid group due to their unique structural features and potent biological activities, such as antiinflammatory, to treat arthritis, gout, rheumatism, antiPAF, antimycobacterial, and neuro-protective [8a-e] .
Major secondary compounds from non polar root extracts of O. anisum were isolated by chromatographic techniques and identified as 3,4-dimethoxy-aristolactam (aristolactam BII, 1), 2,3,4-trimethoxy-aristolactam (piperolactam C, 2), 6-hydroxy-3,4-dimethoxy-aristolactam (stigmalactam, 3, 6-hydroxy-2,3,4-trimethoxy-aristolactam (goniothalactam, 4), 3-hydroxy-4-methoxy-aristolactam (aristolactam AII, 5), 3,4,6-trimetoxy-aristolactam (aristolactam BIII, 6) ( Figure 1 ). These compounds 1-6 were identified by comparison of physical and spectroscopic data (MS and NMR) with literature records [9a-c] . Compound (1) was obtained as a yellow needle crystalline solid. The molecular formula was confirmed by GC-MS measurement m/z [M+] 279, suggesting the C l7 H l3 NO 3 . The 1 H NMR spectrum of compound (1) showed signals related to six aromatic protons, a broad D 2 O-exchangeable proton at  10.67 and protons of two methoxy groups attached to aromatic ring at  4.06 (3H, s) and 4.04 (3H, s). The signal registered at  9.17 (1H, dd, J = 6.0, 3.0 Hz) was assigned to H-5, and the signals at  7.52 (2H, m) and 7.94 (1H, dd, J = 6.0, 3.0 Hz) corresponding to H-6, H-7 and H-8 respectively (Table 1) . A singlet was identified at  7.86 (1H, s) corresponding to H-2. The NOESY spectrum of compound (1) showed correlations between H-2/CH 3 O-3, CH 3 O-3/CH 3 O-4, CH 3 O-4/H-5, as well as between H-8/H-9 ( Figure 1 ). Significant correlations between H-5 ( 9.17) and H-6 ( 7.58), H-7 ( 7.58) and H-8 ( 7.94) were also observed. Considering these data as well as literature records, the structure of compound (1) was identified as aristolactam BII. The NMR analysis of the compounds (2-6) led us to conclude that these constituents have the same aristolactam skeleton of compound (1). Compound (2) was isolated as a yellow powder. The GC-MS established the molecular formula that was confirmed by m/z [M+] 309. The 1 H NMR spectrum of compound (2) showed signals related to five aromatic protons, a broad D 2 O-exchangeable proton at  10.96 and protons of three methoxy groups attached to aromatic ring at  3.92 (3H, s), 4.17 (3H, s) and  4.42 (3H, s). The signals at  9.12 (1H, dd, J = 6.0, 3.0 Hz) was assigned to H-5, and the signals at  7.52 (2H, m) corresponding to H-6, H-7 besides  7.94 (1H, dd, J = 6.0, 3.0 Hz) assigned to H-8. The NOESY spectrum of (2) confirms the spatial correlation of the protons between (3) showed five aromatic protons, a broad D 2 O-exchangeable proton at  10.64 and two methoxy groups attached to aromatic ring at  4.02 (3H, s) and 4.04 (3H, s). Signal at  8.57 (1H, d, J = 3 Hz) was assigned to H-5, and the signals at  7.08 (1H, dd, J = 6.0, 3.0 Hz) and  7.76 (1H, d, J = 6.0 Hz) were assigned to H-7 and H-8, respectively.
A singlet was at  7.86 (1H, s) corresponds to H-2. The NOESY spectrum of compound (3) showed the methoxyl groups attached to C-3 and C-4 due to the spatial
NOESY correlations between H-7 and H-8 were also observed, as well as between H-8/H-9 ( Figure 1 ) confirming (3) as goniothalactam. Compound (4) was isolated as brownish yellow needles. The mass spectrum m/z [M+] 325 established the molecular formula C 18 H 15 NO 5 . The 1 H NMR spectrum of compound (4) showed signals related to four aromatic protons, a broad D 2 O-exchangeable proton at  10.79 and three methoxy groups attached to aromatic ring at  3.93 (3H, s), 4.04 (3H, s) and  4.38 (3H, s). The signal at  8.58 (1H, d, J = 3 Hz) assigned to H-5, and the signals at  7.08 (1H, dd, J = 6.0, 3.0 Hz) and 7.79 (1H, d, J = 6.0, Hz) corresponding to H-7 and H-8 respectively. The NOESY spectrum was quite similar to the compound (2), showing the spatial correlation between the methoxyl groups at C-2, C-3 and C-4. These data are in accordance with stigmalactam, 4. The compound (5) was isolated as a pale yellow powder. The same aristolactam skeleton was observed by the MS and NMR analysis. The mass spectrum m/z [M+] 265 established the molecular formula C 16 H 11 NO 3 . The 1 H NMR spectrum of compound (5) showed signals related to six aromatic protons, a broad D 2 O-exchangeable proton at  10.69 and a single methoxy group attached to aromatic ring at  4.03 (3H, s). The signal at  9.25 (1H, dd, J = 6.0, 3.0 Hz) assigned to H-5, the signals at 7.96 (1H, dd, J = 6.0, 3.0 Hz) corresponding to H-8 and the signals at  7.54 (2H, m) corresponding to H-6 and H-7. Spatial correlations were found between the hydroxyl group at C-3 and the H-2 and CH 3 O-4. NOESY correlations between H-5, H-6, H-7 and H-8 were also confirmed, as well as between H-8/H-9. Analysis of GC-MS, 1 H NMR and NOESY spectral data showed chemical shifts very similar to the analogous previous analized compounds and allowed to confirmed (5) as aristolactam AII. Compound (6) was isolated as a yellow green powder with m/z [M+] 265 obtained from GC-MS. The 1 H NMR spectrum of compound (6) showed signals related to five aromatic protons, a broad D 2 Oexchangeable proton at  7.67 and three methoxy groups attached to aromatic ring at  3.96 (3H, s), 4.18 (3H, s) and 4.45 (3H, s). The signals at  8.65 (1H, d, J = 3 Hz) was assigned to H-5, and the signals at  7.15 (1H, dd, J = 6.0, 3.0 Hz) and 7.77 (1H, d, J = 6.0 Hz) corresponding to H-7and H-8, respectively. A singlet observed at  7.80 was assigned to H-2. NOESY correlations between the methoxyl group at  3.96 and H-5 and H-7 was confirmed. This is in agreement with the aristolactam skeleton and suggested that the signal at 3.96 refers to the methoxyl group located at position C-6, confirming compound (6) as aristolactam BIII.
Nowadays, many communities in the North of Brazil still remain using O. anisum popularly in the treat toothache (1) R1=R4=H; R2=R3=OCH 3 ;
(2) R1=R2=R3=OCH 3 ; R4=H;
(3) R1=H; R2=R3=OCH 3 ; R4=OH; (4) R1=R2=R3= OCH 3 ; R4=OH; (5) R1=R4=H; R2=OH; R3=OCH 3 ; (6) R1=H; R2=R3=R4=OCH 3 ; [5] . Several synthetic aristolactam derivatives exhibited potent antitumor activities against a broad array of cancer cell lines with submicromolar range and some are equally potent toward multidrug resistant cell lines compared to the commercially available drug [8a,d] . It is noteworthy that the methoxy-substituted compounds are more potent than the hydroxyl-substituted ones. The tetra-methoxy substituted phenanthrene lactam has highly potent cytotoxic activity [11] . Although the cytotoxicity of aristolactams is well known, structure-activity relationships have not been explored mainly as a consequence of the synthetic difficulties associated with preparing a diverse array of aristolactam analogues. Therefore, it is important the continuous knowledge about the native Piperaceae species of Brazil since many of them have been used in folk medicine to treat many conditions. To the best of our knowledge this is the first report of aristolactams in the genus Ottonia.
Experimental
Plant material: Branches and roots of Ottonia anisum Sprengel were collected in Duque de Caxias, Rio de Janeiro, RJ, Brazil in april of 2007. A Voucher specimen was identified by Dr. Elsie Franklin Guimarães and is deposited at the RB Herbarium of Jardim Botânico do Rio de Janeiro, under the number RB393494.
Chromatographic materials:
Sephadex LH-20 (Pharmacia) was used for column chromatographic separation. Silica gel PF254 (Merck) was used for TLC preparative/purification. All compounds were visualized on analytical TLC under UV light (254 and 365 nm) and by spraying with ceric sulfate solution followed by heating.
Extraction and Isolation:
Air-dried and powdered roots (650 g) were extracted with MeOH. The solvent was evaporated to dryness under reduced pressure to give the MeOH extract (15g) which was partitioned successively between n-hexane, followed by dichloromethane, ethyl acetate and n-butanol. Hexane and dichloromethane fractions were combined providing about 2g that were subjected to a column chromatography on Sephadex LH 20, eluted with a MeOH/CHCl 3 (7:3) system furnishing 30 fractions. The last 10 fractions were combined furnishing 200 mg of a very strong UV fluorescence fraction. This sample was subjected to preparative normal phase TLC eluted with hexane/ethyl acetate (3:2) yielding six fractions with different UV fluorescence color. Aristolactam 1 (17.0 mg), 2 (7.0 mg), 3 (4.0 mg), 4 (2.0 mg), 5 (4.5 mg) and 6 (3.0 mg) were isolated and analyzed by GC-FID, GC-MS and 1 H and NOESY NMR techniques.
GC-FID analysis:
Qualitative analyses were carried out on a GC 2010 Shimadzu apparatus with a DB-1MS fused silica capillary column (30 m x 0.25 mm x 0.25 m film thickness). The operating temperatures used were: injector 260 o C, detector 290 o C and column oven 60°C up to 290 o C (10 o C min -1 ). Hydrogen at 1.0 mL min -1 was used as carrier gas.
GC-MS analysis:
Qualitative analysis was carried out on a GC-MS QP 5000 Shimadzu machine with a ZB-5MS fused silica capillary column (30 m x 0.25 mm x 0.25 m film thickness) under the same experimental conditions reported for GC-FID analysis. The aristolactams mass spectra were matching with WILEY 275 and National Institute of Standards and Technology (NIST 3.0) libraries provided with the computer controlling the GC-MS system. The results were also confirmed by comparison of data of the isolated compounds with mass and fragmentation reported in the literature [9a-c] .
Nuclear Magnetic Resonance Spectroscopy:
The pure six constituents obtained were analyzed by 1 H NMR and NOESY recorded on a Varian VNMRS 500 spectrometer. Chemical shifts were determined in DMSO-d 6 and CDCl 3 , using TMS as internal standard. The signals of NMR analysis were compared with literature data [9a-c] .
